The detection of galectin-1 (gal-1) in pig granulosa cell lysates by immunoblotting and its cytosolic as well as membrane-associated localization prompted us to study its effects on cell proliferation and regulation of progesterone synthesis. The lectin stimulated the proliferation of granulosa cells from pig ovaries cultured in serum-free medium. Gal-1 inhibited the FSH stimulated progesterone synthesis of granulosa cells. This inhibitory effect was strongly reduced by the disaccharidic competitor lactose at 30 mM. The absence of inhibitory effects on dibutyryl-cAMP (db-cAMP), forskolin, and on pregnenolone-enhanced cellular progesterone synthesis suggests that gal-1interferes the receptor-dependent mechanism of FSH stimulated progesterone production. In FSH stimulated granulosa cells, Western blot analysis revealed the gal-1 mediated suppression of the cytochrome P450 dependent cholesterol side-chain cleavage enzyme (P450 SCC ) that catalyses the conversion of cholesterol to pregnenolone. In the presence of 30 mM lactose, the gal-1 reduced P450 SCC expression was prevented. Strongly reduced mRNA levels were recorded for P450 SCC and 3 -hydroxysteroid dehydrogenase/isomerase (3 -HSD) when FSH stimulated granulosa cells were cultured in the presence of gal-1. We conclude that gal-1 exerts its inhibitory effect on steroidogenic activity of granulosa cells by interfering the hormone-receptor interaction resulting in decreased responses to FSH stimulation.
reproductive organs such as uterus and ovary (Choe et al., 1997) . Uterine expression of gal-1 mRNA is differentially regulated by ovarian steroids progesterone and estrogen and correlated with the implantation process. The synthesis of gal-1 in the trophectoderm of expanded blastocyst immediately prior to implantation (Poirer et al., 1992) suggests that it may be implicated in the interaction between the embryo and the extracellular matrix of uterine endometrium. Because gal-1 mRNA is abundantly expressed in mouse ovary (Choe et al., 1997) , it is entirely conceivable that the lectin can influence fertility by changing granulosa cell-oocyte interaction (Hirshfield, 1997) . Progesterone is an important ovarian hormone to prepare the uterus for accepting the invading blastocyst/zygote for implantation and the subsequent maintenance of the pregnant stage (Hadley, 1995) . Because granulosa cells secrete progesterone and estradiol (Campbell et al., 1996; Gutierrez et al., 1997 ) the study of granulosa cell function under defined conditions in vitro permits a detailed examination of the regulation of progesterone synthesis and its key enzymes by several trophic hormones and paracrine factors. Here, we demonstrate the cytosolic and membraneassociated localization of gal-1 in granulosa cells from pig ovaries and provide evidence for the involvement of the lectin in regulation of progesterone synthesis of cultured ovarian granulosa cells. The gal-1 mediated decrease of FSH-stimulated progesterone synthesis of granulosa cells and the absence of inhibitory effects on forskolin, db-cAMP, and pregnenolone-enhanced progesterone production suggest that the lectin modulates the hormone receptor interaction. These data suggest that cytoplasmic gal-1 externalized by granulosa cells is bound to complementary cell surface glycoconjugates in an autocrine manner. According to the fluorescent image generated by co-staining for gal-1 and the nuclei using propidium iodide, nuclear localization of gal-1 was not recorded.
Growth stimulation of granulosa cells by gal-1
We studied the effect of gal-1 on cell replication. Granulosa cells were maintained in serumcontaining medium for 48 h and then in serum-free medium for further 48 h with 10 ng/ml FSH ± 30 mM lactose (controls, c), as well as with FSH and gal-1 ± lactose as indicated in Fig.4 . Gal-1 at 3.3 µg/ml did not significantly increased the cell number, but 9.9 µg/ml and 19.8 µg/ml gal-1 significantly increased the cell number to 174 % and 165 %, respectively, relative to unexposed control cultures (100 %). Lactose at 30 mM did not significantly reduce the stimulating effect of the lectin on cell proliferation.
Gal-1 inhibits the FSH-stimulated progesterone production of granulosa cells
To characterize the functional activity of cultured granulosa cells we studied their steroidogenic activity and focused on the effects of gal-1 on FSH-stimulated progesterone synthesis. The basal level of progesterone production as measured by radioimmunoassay was 2.2 ± 0.3 ng/1 x 10 5 granulosa cells. In the presence of FSH at 1 ng/ml, 10 ng/ml, and 100 ng/ml cellular progesterone secretion increased 2.7-, 5.6-, and 5.3-fold relative to basal levels.
In order to study whether the lectin interferes with FSH-enhanced progesterone production granulosa cells were stimulated in serum-free medium with 10 ng/ml FSH in the presence of gal-1 at 3.3 µg/ml, 9.9 µg/ml, and 19.8 µg/ml. As demonstrated in Fig.5 , gal-1 decreased the FSH-enhanced cellular progesterone production in a concentration dependent manner. Gal-1 at 9.9 µg/ml and 19.8 µg/ml significantly reduced the cellular progesterone production to 39 % and 28 % relative to control cultures (c) stimulated with 10 ng/ml FSH (100 %). In the Gal-1 is without effects on db-cAMP, forskolin, and pregnenolone-enhanced progesterone synthesis
The FSH receptor signalling pathway is coupled via heterotrimeric G-proteins to adenylate cyclase. Because it is conceivable that gal-1 interferes with the hormone-receptor interaction leading to reduced cellular progesterone production, we studied the effects on transmembrane receptor independent stimulation of steroidogenic activity of granulosa cells by db-cAMP, forskolin, and pregnenolone. The effects of 19.8 µg/ml gal-1 on db-cAMP, forskolin, and pregnenolone-enhanced progesterone synthesis are summarized in Fig.6 . Treatment of granulosa cell cultures in serum-free medium with 1 mM db-cAMP for 48 h increased progesterone accumulation in medium by two-fold relative to basal levels. Gal-1 did not show an inhibitory effect on db-cAMP enhanced progesterone production. The cell-permeable diterpene forskolin, a potent activator of adenylate cyclase, increased cellular progesterone production by eight-fold versus basal levels. Gal-1 at 19.8 µg/ml was without effects on forskolin enhanced progesterone accumulation in medium. Pregnenolone at 2.5 µM also stimulated the cellular progesterone production and was not found to be reduced by gal-1.Therefore, the data provide evidence that gal-1 exerts its inhibitory effects on FSHstimulated progesterone production of granulosa cells by modulating the hormone-receptor interaction.
Gal-1 inhibits mRNA transcription of P450 SCC and 3 -HSD genes
In order to investigate if gal-1 affects the expression of the P450 SCC and 3 -HSD genes on the level of transcription, we determined concentrations of transcripts from both genes in porcine granulosa-cell cultures stimulated with 10 ng/ml FSH under the influence of 19.8 µg/ml gal-1 Gal-1 decreases cytochrome P450 SCC expresssion of granulosa cells
To get evidence whether downregulation of enzyme expression is involved in gal-1 mediated inhibition of cellular progesterone synthesis we concentrated on cytochrome P450 SCC which catalyses the conversion of cholesterol to pregnenolone (Lahav et al., 1996) . The effect of gal-1 on cytochrome P450 SCC expression of FSH-stimulated granulosa cells is illustrated in Fig.8 .
Immunoblot analysis revealed that granulosa cell cultures incubated in serum-free medium with 10 ng/ml FSH highly express the enzyme as indicated by a single band at 45 kDa. In the presence of gal-1 at 9.9 µg/ml and 19.8 µg/ml however, the FSH-enhanced cellular cytochrome P450 SCC expression was strongly reduced. When the cells were cultured with gal-1 in the presence of 30 mM lactose as a disaccharidic competitor to saturate the carbohydrate recognition domains, FSH-enhanced cytochrome P450 SCC expression was restored. Lactose at 30 mM did not show inhibitory effects on FSH-stimulated enzyme expression.
Discussion
The cytosolic and membrane-associated localization of gal-1 on granulosa cells suggests the secretion and binding to cell surface glycoconjugates in an autocrine manner (Lutomski et al., 1997) . By recognition and cross-linking of glycan ligands gal-1 exerts distinct biological effects in various tissues and on cells, including cell migration, adhesion, differentiation, proliferation, and apoptosis (Cooper and Barondes, 1999; Perillo et al., 1998; Leffler, 2001; Goldring et al., 2002) . The dimeric form of gal-1 facilitates cell surface receptor cross-linking believed to be essential for inducing signaling events when receptors are involved that are Cell preparation and culture
Tissue collection and isolation of pig granulosa cells were carried out as described previously (Tiemann et al., 1996) . The ovaries derived from pigs of a commercial slaughter house were The monolayers were incubated with either 10 ng/ml FSH in the absence or presence of 3.3 µg/ml, 9.9 µg/ml or 19.8 µg/ml gal-1 ± 30 mM lactose, or with 10 µM forskolin, 2. For the detection and localization of gal-1 granulosa cells were grown on 18 mm glass coverslips coated with human fibronectin (25 µg/ml TBS) overnight at room temperature.
Cells were allowed to spread on coverslips for two days. Then the cells were treated as described above and incubated with a gal-1 pAb at 1 µg/ml TBS containing 0.25 % BSA and Radioimmunoassay for progesterone Progesterone concentrations were measured in culture medium by specific radioimmunoassay as previously described (Tiemann et al., 1996) . Intra-and inter-assay precision were 4.8 % were lysed and collected in 300 µl of a guanidine iso-thiocyanate containing buffer (Lysis buffer) and subjected to homogenization by using QIAshredder™ Homogenizers (Qiagen).
Subsequently an equal volume of 70 % ethanol was added to the lysates and the RNA was The melting peaks of all samples were routinely determined by melting curve analysis in order to ascertain that only the expected products had been generated. The melting peak of P450 SCC derived RT-PCR-products was at 86.0 °C and had a size of 251 bp and that of 3 -HSD derived products was at 87.7 °C and had a size of 236 bp. Sizes of PCR products from randomly selected samples were monitored by agarose gel electrophoresis analysis (3% agarose, ethidium bromide stained). incubated with a gal-1 pAb at 1 µg/ml (A) followed by incubation with PI at 1 µM (C) and goat anti-rabbit IgG F(ab') 2 -FITC (A,C). Staining of control incubations was performed in the absence of the primary antibody for nuclear staining with PI followed by incubation with IgG F(ab') 2 -FITC (B). for each treatment). Different letters indicate significant differences (P<0.05). 
